Plastic debris is recognized as a widespread, common and problematic environmental pollutant. An important consequence of this pollution is the ingestion of plastic debris by wildlife. Assessing the degree to which different species ingest plastics, and the potential effects of these plastics on their health are important research needs for understanding the impacts of plastic pollution. We examined debris (plastic and other types) ingestion in three sympatric overwintering gull species (Herring gulls Larus smithsonianus, Great Black-backed Gulls Larus marinus, and Iceland Gulls Larus glaucoides) to understand how debris ingestion differs among species, age classes and sexes in gulls. We also assessed how plastic burdens were associated with body condition to investigate how gulls may be affected by debris ingestion. There were no differences among the species, age classes or sexes in the incidence of debris ingestion (plastic or otherwise), the mass or number of debris pieces ingested. We found no correlation between ingested plastics burdens and individual condition. Gulls ingested plastic debris, but also showed high levels of other debris types as well, including metal, glass and building materials, including a metal piece of debris found within an abscess in the stomach. Thus, when the health effects of debris ingestion on gulls, and other species that ingest debris, is of interest, either from a physical or chemical perspective, it may be necessary to consider all debris types and not just plastic burdens as is often currently done for seabirds.
Plastic pollution is recognized as a major global environmental pollutant (UNEP 2011; Ryan 2015) . Plastics (synthetic organic polymers) have been released at increasing levels into the environment over the last century, and can persist for long periods in the environment (Rochman et al. 2013; Wang et al. 2016) . Given the large amounts of plastic in the aquatic environment, and their unknown rate of decomposition, aquatic species are increasingly exposed to plastics and are vulnerable to the adverse impacts of plastic ingestion in many regions Wilcox et al. 2015) .
In the North Sea region, seabirds have been used to monitor plastic pollution and trends in plastic debris since the 1980s . Since that time, other regions have adopted the protocols and methods used in the North Sea to allow for larger scale analysis of plastic ingestion in seabirds . To date many seabird species have been found to accumulate ingested plastics including user plastics such as plastic sheets, rope, twine, and industrial plastics Wilcox et al. 2015) , with levels of ingested debris varying among species with different foraging modes (Moser and Lee 1992; Robards et al. 1995; Avery-Gomm et al. 2013) .
Plastic ingestion by seabirds can lead to several negative side effects. Ingested plastics can obstruct the passage of food, or cause stomach ulcers (Ryan 1988; Kühn et al. 2015) . Other negative effects include bioaccumulation of toxins, and decreased body condition (Tanaka et al. 2013; Lavers et al. 2014; Kühn et al. 2015) . Thus, studies of plastic ingestion in seabirds focus both on monitoring the prevalence of ingestion and on assessing individuals for potential negative health effects.
To date most studies examining plastic ingestion in birds have focused on marine species as indicators of marine plastic pollution (Provencher et al. 2015) . While a small number of studies report plastic and debris ingestion in aquatic bird species that feed in non-marine habitats, such as gulls, this area of research is still limited (Henry et al. 2011; English et al. 2015; Holland et al. 2016; Bond 2016) . Few studies report debris ingestion for species that take advantage of open garbage disposal sites near urban areas in addition to natural feeding areas, such as gulls (Weiser and Powell 2011; Bond 2016) . Proximity to urban areas and waste treatment sites may have a large influence on the level of debris ingestion in a number of bird species, and it is important to consider when researching and monitoring plastic pollution and its effects.
Research examining patterns of debris ingestion in seabirds has reported differences among age groups and between sexes, but results have not been consistent among studies, and very limited within single species or even families . In some studies juvenile birds had higher levels of ingested plastics (Harris and Wanless 1994; Acampora et al. 2014) , while other studies indicated that adult birds had higher levels (Spear et al. 1995) , or that there was no difference between age classes (Fijn et al. 2012; Harper and Fowler 1987; Holland 2017) . Similarly, some studies have found differences in plastic ingestion between sexes (Jimenez et al. 2015) , while other studies report no differences (Vlietstra and Parga 2002; Rodriguez et al. 2012; Trevail et al. 2015) . Such biases in plastic ingestion and accumulated burdens are important to understand in species that are being used for environmental monitoring, but can be difficult to study given the number of factors that may influence plastic ingestion.
Additionally, studies have provided mixed results on the influence of plastic and debris loads on overall condition of birds. Some analyses have found no significant relationship between debris load and condition (Codina-García et al. 2013; Acampora et al. 2014; Holland 2017; Poon et al. 2017) , or body mass (Vlietstra and Parga 2002; Verlis et al. 2013; Cousin et al. 2015) , while others have found significant negative correlations between ingested debris and condition (Lavers et al. 2014) , body mass (Harper and Fowler 1987; Spear et al. 1995) or even pectoral muscle mass (Donnelly-Greenan et al. 2014 ).
In the North Sea where Northern Fulmars (Fulmarus glacialis) are used as indicators of marine plastic debris an Ecological Quality Objective (EcoQO) as part of the policy framework ). The aim is to have 10% or less of the individual Northern Fulmars examined as a part of the monitoring program to have > 0.1 g of ingested plastics . Ultimately, the EcoQO is not set on any biological findings, but it is a commonly used framework to examine ingestion levels in other species where no policy or monitoring goals exist . Importantly, it only takes into account plastics, and does not consider any other debris types. This may be important to consider if we are applying similar frameworks to seabird species that may be exposed to different types of debris in their coastal habitats as compared with Northern Fulmars.
In this study, we make inferences about inter-and intraspecific patterns of debris ingestion using gulls killed as part of a bird management program at a regional landfill in St. John's, Newfoundland, Canada. Additionally, we relate plastic and debris burdens to commonly used body condition indices. Gulls that forage at landfills are exposed to high levels of plastic and other types of debris, and thus patterns of debris ingestion may elucidate inherent differences in debris ingestion between species, sexes and age classes. We compare levels of debris accumulation in three species: Herring Gulls (HERG; Larus smithsonianus), Great Black-backed Gulls (GBBG; Larus marinus) and Iceland Gulls (ICGU; Larus glaucoides), and relate the levels to species, age class, sex, body size and body condition. All three species are generalist predators that feed in the marine environment, in addition to being opportunistic scavengers on human refuse (Good 1998; Snell 2002; Nisbet et al. 2017) .
While gulls (Family Laridae) are diverse and common seabirds, there has been relatively little study of plastic ingestion in this abundant group (Wilcox et al. 2015 ; Table 1 ). Most studies simply report plastic ingestion burdens as baseline values, or in relation to dietary items . Plastic and debris burdens can also vary between species and location from 0 to 79% frequency of occurrence (FO; Table 1 ). In addition to a variety of plastic debris, studies also report ingestion of a variety of non-plastic debris such as glass, metal, and paper in bolus examinations (Lenzi et al. 2016) . Other gull studies report ingestion of debris but do not categorize the debris into plastic or non-plastic categories (Bond 2016; Roman et al. 2016) . Several studies have found differences in debris ingestion among gull species (Moser and Lee 1992; Codina-García et al. 2013 ); however, most gull studies do not examine or report plastic ingestion for differences across age classes or sex.
The goal of the study was to examine patterns of plastic or other debris ingestion in gull species in an urban landfill landscape. Based on previous studies we made four broad predictions. First, we predicted that the incidence of ingested debris (both plastics and non-plastic), would be similar across the three species as all samples were collected at a single site (a municipal landfill) based on their similar foraging types. Second, we expected plastic and non-plastic debris burdens would be higher in males as compared to females in HERG and GBBG (where sample sizes allowed comparisons) as this pattern has been found in other seabirds, although little tested in gulls (Jimenez et al. 2015) . Third, we expected ingested debris (both plastics and non-plastic debris) burdens would be higher in juvenile as compared to adult birds in HERG (where sample sizes allowed comparisons), as this pattern has been found in a number of other species (although not gulls specifically) (Harris and Wanless 1994) . Last, we predicted that gulls with higher masses of debris burdens would have lower body condition indices, consistent with previous studies for shearwaters (Lavers et al. 2014 ).
Methods
Fort-one HERGs (n = 31), GBBGs (n = 8), and ICGUs (n = 2) were collected from the Robin Hood Bay Waste Management Facility, located near St. John's, Newfoundland, Canada (47°N, 52°W) as part of a permitted gull management program conducted by the City of St. John's between August 2014 and August 2015. All but five HERG were collected between Nov 2014 and January 2015. All of the gulls were shot using a shotgun (Permit #BD4241), frozen immediately and later shipped to the necropsy laboratory of the Atlantic Veterinary College, University of Prince Edward Island (UPEI). All birds were weighed, measured, and necropsied by wildlife pathologists at the UPEI. Sex was determined by internal examination of gonads. The age of individual birds was determined by external (moult type) and internal (gonad, bursa of fabricius) characteristics. The entire stomach (proventriculus and gizzard) of each bird was carefully opened. The inner surface of the stomach was washed carefully over a 1 mm sieve to collect all other visible debris, and the remaining residues were backed-washed into a vial for further examination. After sorting, all items from the birds were dried and weighed using a Denver Instrument SI-234 analytical scale (± 0.0001 g). The debris was packaged in vials and sent to National Wildlife Research Centre (NWRC) for further analysis. Using a binocular microscope, the stomach contents were examined, and identified debris were categorized. This was done using standardized protocols (Van Franeker and Meijboom 2006; Provencher et al. 2017) . Plastic debris was categorized as industrial and user plastics (van Franeker et al. 2005 ). Industrial debris is bulk, pre-production plastics resembling pellets. User plastics include all other material and are broken down pieces of consumer, commercial or industrial goods that are classified based on the type of plastic items [fragment, foam, fiber and sheet (e.g. plastic bags)] . We also classified nonplastic anthropogenic debris including glass, metal, rubber, wax, paper products (including cardboard and wax paper), fabric (woven material of unknown origin) and building material (processed wood, drywall and chipboard). Therefore, we use plastics to refer to all debris made from plastic, and non-plastic to refer to debris made from other material including glass, metal and other materials.
Each debris piece was measured along its length and width using calipers (± 0.01 mm). Size classes of the debris were divided into macro-(> 20-100 mm), meso-(> 5-20 mm) or micro-debris (1-5 mm; Barnes et al. 2009) to compare between size classes of debris ingested by gulls. The dominant color of each debris piece was determined visually using a colour wheel (Verlis et al. 2013) , and then using eight basic colour categories .
All data are presented following the recommendations of Provencher et al. (2017) . Thus, we present the FO for plastic ingestion with 95% confidence intervals using the Jeffrey interval. We also present the mean, median, standard error and range for both the mass and number of debris pieces. We report FO, mass and number of pieces for all debris categories found, but for statistical comparisons we grouped items into plastic, non-plastic and all debris (both plastic and non-plastic) classes.
For all statistical comparisons, we used a general linear model approach (GLM), implemented with the R statistical package (R Development Core Team 2017). Comparisons in FO, number of items and mass of debris were made between species, between sexes and between age groups (HERG and GBBG).The Iceland Gull was not used for these analysis due to small sample size. To compare the FO of plastic, non-plastic and all debris items we used a generalized linear model (GzLM) using a binomial distribution with a logit link function for each response variable within separate models for each metric. To compare the mean number of debris pieces and mean mass between sexes and between age groups we used GzLMs with a quasi-poisson distribution with a log link function as both the count and mass data were over-dispersed. To examine if body condition varied significantly with accumulated debris burden we used a GLM to examine the mass of all ingested debris with body condition index. We determined the body condition of individual birds by dividing body mass (kg) by total head length (mm; Steigerwald et al. 2015) .
For Northern Fulmars (Fulmarus glacialis) in the North Sea, an "Ecological Quality Objective" (EcoQO) has been established , suggesting that accumulated debris should remain below 0.1 g of debris per 750 g of body weight (0.013%). To examine if a modified (EcoQO) may be useful in gull studies, we used published body mass values for each species and took the average of male and female masses when both were available [HERG (1085 g), GBBG (1659 g), and ICGU (946 g) (Good 1998; Snell 2002; Nisbet et al. 2017] . We then calculated the relative EcoQO for each species using the mass of debris obtained here divided by the typical body masses reported above. This was done with only plastic debris and nonplastic to debris to compare the potential for the EcoQO to indicate debris ingestion in this species relative to other studies.
Results
A total of 41 birds were examined from the three different species: eight GBBG, 31 HERG, and two ICGU (Table 2) . Males, females, adults and juveniles were examined for HERG and GBBG. (Table 2 ). Most birds had no lesions identified at necropsy. Five birds had mild lesions in the gizzard's inner lining, one of which was associated with the presence of fungi on microscopic examination. One bird showed lesions compatible with proventricular parasitism. Four of these five birds were in good body condition. Four of them had an empty stomach; one of the two remaining birds did have human-derived debris. Additionally, one bird had a well-encapsulated intracoelomic foreign-body (possibly a corroded needle) abscess adjacent to its stomach but was otherwise in good body condition.
The FO of accumulated debris was 77% for HERG, 75% for GBBG, and 100% for ICGU (Table 2) . While both GBBG and ICGU had higher FO for plastic items (GBBG plastic FO-61%, non-plastic FO-38%; ICGU plastic FO-100%, non-plastic FO-50%), HERG had a higher FO for non-plastic items (HERG plastic FO-61%, non-plastic FO-64%). There was no significant interspecific difference detected in the FO of all ingested debris (GzLM, p > 0.05), ingested plastic debris (GzLM, p > 0.05) or ingested nonplastic debris (GzLM, p > 0.05) in the HERG or the GBBG (the two species with sample sizes large enough to analyze).
We observed 284 pieces of debris among the three gull species, which included only a single industrial pellet. Most of the debris in the gull stomachs were foam (27%), with sheet (15%), fragments (14%), paper products (13%), metal (12%), glass (10%) and building materials (cardboard and drywall; 7%) also commonly found ( Figs. 1 and 2 ; SOM Table A) . Overall, 59% of the debris was plastic, while 41% of the debris was non-plastic.
Mean length and width of debris were 12.0 ± 6.1 mm (range 1.0-81.3 mm) and 6.8 ± 4.0 mm (0.8-9.8 mm), respectively (SOM Table A ). Overall, debris was categorized as 18% macroplastics, 45% mesoplastics and 37% microplastics. Ingested debris varied in color: blue-purple (1%), black (3%), red-pink (3%), yellow (4%), multi-coloured (has more than one colour in a single piece; 5%), green (6%), gray-silver (14%), orange-brown (20%), and off white-clear (45%).
There was variation in the average number of pieces of debris, plastic debris and non-plastic debris between the species (Table 2) . However, we found no significant difference in the average number of pieces per bird between the species for all debris items (GzLM, p > 0.05), all ingested plastic debris (GzLM, p > 0.05), or for all non-plastic debris (GzLM, p > 0.05). Across species, mean counts of plastic debris were higher than non-plastic debris.
HERG had the highest mean mass of ingested debris, ingested plastics and ingested non-plastics compared with the other two species (Table 2) . No significant difference in the mass of all debris (GzLM, p > 0.05), mass of all plastics (GzLM, p > 0.05), or the mass of all non-plastics (GzLM, p > 0.05) between HERG and GBBG was detected.
To examine for potential differences in debris, plastic and non-plastic ingestion between males and females, and adults and juveniles we grouped the HERG and GBBG as no differences were detected between these species. However, in all comparisons of debris number, mass or FO, we detected no differences between sexes and age classes (GzLM; all p > 0.05), all plastics (GzLM, p > 0.05), or in non-plastic items ingested (GzLM, p > 0.05). We also found no difference in the mean number of all debris items (GzLM, p > 0.05), plastics (GzLM, p > 0.05), and nonplastics items (GzLM, p > 0.05) ingested between the sexes and age classes. Additionally, we found no differences in the mass of all debris items (GzLM, p > 0.05), plastics (GzLM, p > 0.05), or non-plastic items (GzLM, p > 0.05) between the sexes and age classes. Similarly, we found that the condition of birds did not vary significantly with mass of all debris (GLM p > 0.05), mass of plastics (GLM p > 0.05), or mass of non-plastic debris (GLM p > 0.05).
Based on the ratio between average body size and 0.1 g of plastic in Northern Fulmars (Fulmarus glacialis) we determined the similar EcoQO for the gull species examined to be 0.14 g for HERG, 0.22 g for GBBG and 0.13 g for ICGU. Based on these equivalencies 12% GBBG, 13% HERG and 50% ICGU exceed the EcoQO for plastic debris. If all anthropogenic debris is considered then 37% of GBBG, 32% of HERG and 50% of ICGU exceed the EcoQO equivalent.
Discussion
This study aimed to understand inter-and intraspecific patterns of plastic ingestion for Great Black-backed Gulls (GBBG), Herring Gulls (HERG), and Iceland Gulls (ICGU) collected at a municipal landfill, where anthropogenic debris is plentiful. As a group, gull species demonstrate adaptability and flexibility in their diets (Weiser and Powell 2011; Bond 2016) , often make use of anthropogenic food sources, and show varying degrees of individual dietary specialization. While this may lead to gulls being particularly vulnerable to debris ingestion, overall, there are few studies focusing on debris ingestion in gulls compared to other avian groups. However, this group provides an excellent opportunity to examine how debris ingestion in marine birds may differ among species, sexes and age groups when debris is plentiful in the landscape. Examination of 41 gulls of three different species did not show an obvious relationship between the presence of human-derived material in the stomach and lesions in the stomach's inner lining. Lesions were found in the bird stomachs where plastic and other debris was found, but lesions involving the gizzard's inner lining in five birds could have resulted from irritation by ingested material such as human-derived debris, but also sharp pieces of bones, which in turn could have predisposed to secondary bacterial or fungal infection. Conversely, the proventricular lesion in one bird most likely represented a primary parasitic infection. While we detected lesions, including some infections, there are limited pathological data from individuals without access to human-derived debris for comparison.
We found that ≥ 75% of individuals from all three species had ingested debris, but these results must be interpreted within context. These debris ingestion levels are expected to be higher than in the general population as not all gulls forage at a landfill. In general, sample sizes > 30 are recommended as a minimum requirement when establishing baseline levels of plastic ingestion (Provencher et al. 2015 . In our case, our estimates are unlikely to reflect the population level of debris ingestion due to the relatively small sample size. Regardless of the samples size, based on our results, proximity to urban areas/landfills and foraging range of any species examined for ingested plastics should be considered.
As we predicted, we observed no difference in debris ingestion among the three gull species. There was also no (Larus smithsonianus; a) and Great Black-backed Gull (Larus marinus; b) collected from a landfill site in Newfoundland, Canada displayed on a 1 cm × 1 cm grid significant difference in the mass and count of total debris, plastic, and non-plastic items between age classes and sexes or with body condition in HERG and GBBG. This suggests that for gulls, when individuals are in a landscape of unlimited debris, there may be no inherent differences in how males and females, and birds that are young or adult ingest and accumulate debris. Thus, any differences in debris ingestion in these species between age classes and sexes that may be found in individuals that feed in regions not centred around landfills are not likely inherent to the sexes, or age classes, at least during the non-breeding season when the majority of these samples were collected. It is also important to recognize that some gulls may specialise on feeding in urban or landfill environments (Weiser and Powell 2011; Bond 2016) . Therefore, it is important that studies using birds from these regions may also not represent population levels.
It is important to acknowledge that the precise amount of debris ingestion cannot be determined from this study, as gulls have the ability to regurgitate indigestible items (Pierotti and Good 1994; Good 1998; Snell 2002; Nisbet et al. 2017) . Hence, what we present is a snapshot of ingestion at each sampling time, without the dietary history of the gulls collected. Moreover, we suggest that the plastic metrics for our sample represent competing processes: (1) high rates of availability and probably ingestion at a site exploited by these birds and with abundant debris (hence, possibly biased sample); and (2) species that can reduce their debris burden through regurgitation. The latter point should also influence the interpretation of the lack of relationship between debris ingestion and the body condition of birds; gulls may be able to eject debris to maintain levels below thresholds that influence energy intake and body condition. It should also be noted that the debris represents the accumulated material from an unknown time period, and should not be considered representative of dietary selection indices. The debris that is ingested by birds may be different from what is accumulated, especially if smaller plastics are ingested that can pass through the pyloric sphincter and be excreted via the cloaca. It is likely that many more items were ingested by each gull prior to sampling, but that the pieces were regurgitated in boluses (Lindborg et al. 2012) . The debris that we report here may be either the remaining debris which could not be regurgitated, or debris that was just recently ingested. Additional, controlled studies would help elucidate what types of debris may be ingested and regurgitated easily, versus debris types that are less often regurgitated and thus more prone to accumulation .
We found that while the majority of gulls had ingested plastics, non-plastic debris was also widely ingested by the gulls examined. Although assessing gulls as monitors of marine plastic debris in the environment was not one of the a priori aims of this work, we did calculate the EcoQO equivalent values for the species examined as is often done for species (e.g. Bond et al. 2014) . When the EcoQO was applied to these gull species as has been done with other marine birds Provencher et al. 2017) , we found that both GBBG and HERG (the two species for which sample sizes are > 2) had 12 and 13% of the individuals examined over the EcoQO equivalent as used in fulmars in the North Sea. Importantly, when we considered all debris, GBBG and HERG had 37 and 32% of the individuals over the EcoQO equivalent for the species. The EcoQO is targeted towards using Northern Fulmar to monitor trends in marine pelagic plastic pollution in the North Sea Provencher et al. 2017) . Our findings highlight that the development of similar metrics that utilize gulls for monitoring trends in marine pollution need to include all anthropogenic debris, not just plastics. Our results also indicate that gulls, or other species that scavenge at landfills or in urban environments are not be suitable candidates for monitoring pelagic plastic debris (Provencher et al. 2015) , as is the purpose of the EcoQO in the North Sea region. There may be other types of questions relating to debris that gull species are suitable for monitoring. However, future studies should consider how exposure and ingestion of plastics can vary across gulls with different foraging preferences.
Among gulls, garbage consumption has been linked to reduced reproductive success; HERG specializing on garbage tend to have small clutch sizes and lower hatching success (Pierotti and Annett 1991; Bond 2016; Bond et al. 2016) . Importantly, while this study did not find any significant relationships between debris ingestion and body condition during the non-breeding season, this does not preclude other negative impacts from occurring in gulls due to the consumption of debris. For example, debris ingestion and digestion could allow transfer of chemical contaminants from debris to birds (Tanaka et al. 2013 (Tanaka et al. , 2015 . Even though gulls regurgitate large quantities of the debris ingested, depending on the characteristics of the release of chemicals from polymer types in avian stomachs, these gulls may be exposed to high levels of chemical contaminants if the leaching of contaminants happens quickly after ingestion. In turn, these chemicals may have sublethal effects on physiology and behaviour (e.g. Henriksen et al. 2000; Sagerup et al. 2009 ).
